The global financial crisis was a stark reminder of the importance of cross-country linkages in the global economy. We document growth synchronization across a diverse group of 185 countries covering 7 regions, and pay particular attention to the period around the global financial crisis. A dynamic factor model is used to decompose each country's growth into contributions from global, regional, and idiosyncratic shocks. We find a high degree of global synchronization over 1990 to 2011, particularly across advanced economies. Examining the period around the global financial crisis, we find global shocks had large and widespread effects on growth, with more diversity in growth experiences in the early part of the recovery. In a recursive experiment, we find rising global growth synchronization just prior to the crisis, largely resulting from a shift in the importance of global shocks between countries. In contrast, the crisis period caused a much more widespread increase in growth synchronization, and was followed by a similarly pervasive decrease in synchronization in the early recovery. JEL Classification Numbers: C11, C32, E32, F42, F41
I. INTRODUCTION
The global financial crisis in 2008 caused a severe and synchronized reduction in global trade and growth, and served as a stark reminder of the importance of cross-country linkages in the global economy. Nevertheless, while the crisis undoubtedly had global ramifications, there was a diversity of different growth experiences across countries. The crisis was most keenly felt by advanced economies, where trade and financial linkages are strongest. As discussed by Blanchard and others (2010) , the impact was more mixed across emerging and developing economies. In this paper, our objective is to document growth synchronization across a diverse group of 185 countries over 1990 to 2011. We examine the major factors driving growth across 7 different regions, paying particular attention to the period around the global financial crisis. We also describe how the degree of growth synchronization changed over the period from just prior to the crisis to the end of 2011.
Similar to Kose and others (2012), we employ a dynamic factor model to decompose each country's growth into a global factor (capturing fluctuations common to all countries), a regional factor (capturing fluctuations common to all countries in the region), and an idiosyncratic factor (capturing country-specific fluctuations). Our analysis, however, differs from previous work in some respects.
First, the focus of our study is on the period around the global financial crisis. Much of the previous literature on global business cycle synchronization focusses on how the degree of comovement in macroeconomic aggregates changed over much longer periods of time, and use different sample periods and groups of countries. 2 For example, Kose and others (2012) find that the importance of global shocks declined during the period of globalization relative to a pre-globalization period . Instead, our focus lies solely in the period of globalization and, in particular, on synchronization in the period around the global financial crisis. Second, we use estimation methods that allow us to incorporate annual and quarterly data and deal with missing observations, and we explicitly model global and regional growth as PPP-weighted averages of country-level growth rates. By taking account of the size of each economy (through the use of PPP weights), we can evaluate how the various factors driving growth in each country impact on measured regional and global growth. Third, we discuss historical shock decompositions. Like Kose and others (2008) and (2012), we examine variance decompositions to assess the driving forces explaining the variance of growth in each country over the entire sample. Examining historical shock decompositions also lets us analyze the contributions to growth from each shock (past and present) at every point in the sample, allowing us to make a more detailed description of particular events in the sample -such as the global financial crisis.
We find a high degree of synchronization in global growth over our sample. Global shocks are found to explain a significant proportion of the variance of world growth (77 percent), growth in Advanced Europe (80 percent), and growth in the Western Hemisphere (66 percent). In contrast, regional and idiosyncratic shocks play a more important role in the Commonwealth of Independent States, Asia, Sub-Saharan Africa, and the Middle East and North Africa. The results show a higher degree of synchronization across industrial economies than emerging and developing economies, supporting the findings of Kose and others (2012) . Historical shock decompositions confirm that the global financial crisis was predominantly driven by global shocks, and highlight some diversity in the degree of synchronicity in the early part of the recovery, with regional and idiosyncratic shocks playing a relatively more important role in some countries.
We next conduct a recursive experiment over the period from 2005 to 2011. As a robustness check on the time series properties of our model, we briefly assess its out-of-sample forecasting performance. The model generally forecasts well relative to a simple time series benchmark; forecasting performance also tends to be better for larger and more advanced economies, where global shocks tend to be more important drivers of growth than regional and country-specific shocks. The recursive experiment also shows the importance of global shocks rising across most countries in recent years. Interestingly, the global financial crisis in 2008 does not appear to be the only catalyst for this, with the importance of global shocks rising in the pre-crisis period, 2005-07. This was not due to increased globalization across all countries but more of a shift in the importance of global shocks between countries. The results confirm that the crisis led to a widespread increase in synchronization across countries with the collapse of global demand and trade. Growth synchronization fell in early part of the recovery, reflecting the rising importance of idiosyncratic, country-specific shocks driving growth. This is perhaps not surprising. The crisis had large effects across most countries, while experiences in the recovery likely depended on each country's economic conditions prior to the crisis, and differing fiscal and monetary policy responses to the crisis itself.
The paper proceeds as follows. Sections II and III outline the methodology and estimation strategy, and section IV describes the data. The results relating to the entire sample are discussed in section V, and the results from the recursive estimation experiment (2005) (2006) (2007) (2008) (2009) (2010) (2011) are discussed in section VI. Section VII concludes with the key findings of the paper.
II. METHODOLOGY

A. A Model of Global Growth
We use a dynamic factor model (DFM) to decompose each country's growth into global, regional, and idiosyncratic factors. The global factor reflects common sources of variation across all countries, the regional factor reflects common sources of variation across countries within a particular region (after taking account of common global variation), and the idiosyncratic factor is specific to each country. Specifically:
where X i,j,t is (detrended and standardized) 3 year-on-year growth in country j of region i at the quarterly frequency; F t is a global factor; G i,t is an orthogonal regional factor in region i; and ψ i,j,t is an idiosyncratic shock to growth in country j of region i. Finally, F t , G i,t and ψ i,j,t are all assumed to be AR(1) processes:
Growth in each country is thus driven by 3 orthogonal shocks, µ t , µ i,t , and µ i,j,t : the global shock, µ t , impacts the global factor and growth in all countries; the regional shock, µ i,t , impacts the regional factor and growth in all countries in the region; and the idiosyncratic shock,µ i,j,t , is specific to each country.
B. Modeling Annual Variables
Data for some countries are only available at the annual frequency. Nevertheless, we can incorporate annual data by constructing partially-observed quarterly series from the annual data, similar to Mariano and Murasawa (2003) and Banbura and others (2011) .
Specifically, we assume that annual growth is only observed in the last quarter of each year, and utilize the fact that annual growth, X A t , can be approximated by the sum of (unobserved) year-over-year growth rates, X t , at the quarterly frequency, i.e:
where X t = log(x t ) − log(x t−4 ) and x t is the level of real GDP.
The unobserved year-over-year growth rates are assumed to adopt the same structure as the growth rates observed at the quarterly frequency, which implies:
To link the observed annual data with the unobserved quarterly data, a partially-observed quarterly series is then constructed:
C. Aggregation Equations
To examine the contributors to growth at the regional and global levels, we construct aggregation equations for regional and global growth. These PPP-weighted growth aggregates are available in our database, so we treat them as observable in estimation. The following aggregation equation is used to create growth in each region:
where s i is the standard deviation of growth in region i, s i,j and w i,j are the standard deviation of growth and the PPP weight of country j in region i, respectively, ζ i,t is a measurement error for the regional aggregate (associated with the PPP weights being fixed in our specification and time varying in the data), and N i is the number of countries in region i.
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Likewise, world growth is a simply the weighted average of the regional growth aggregates:
where N is the number of regions.
Finally, the measurement errors associated with the regional and world growth aggregation equations (9 and 10) are assumed to follow AR(1) processes:
D. Methodological Limitations
The determinants of growth in each country will depend on the regional classifications applied to each country. Thus, alternative groupings of countries will produce different results, particularly those relating to the importance of regional and idiosyncratic shocks. Moreover, the methodology is unable to capture the underlying source of global and regional shocks. For example, it is highly likely that the shock that caused the global financial crisis emanated from the United States. However, the model would attribute the strong comovement in growth that resulted from this shock to be a global event, not a shock specific to the United States that went on to have had global ramifications.
III. ESTIMATION
The model is estimated by maximum likelihood using the Expectation Maximization (EM) algorithm. Estimating via maximum likelihood allows us deal with missing observations, parameter restrictions, and serial correlation in the idiosyncratic components. The approach was proposed for large data sets by Doz, Giannone, and Reichlin (2012) and extended to deal with missing observations and serially correlated errors by Banbura and Modugno (2010) . Essentially, the EM algorithm consists of iterating the two-step procedure proposed by Doz, Giannone, and Reichlin (2011) : the factors and parameters are first estimated using principal components and OLS, then the factors are re-estimated using the Kalman Filter. The EM algorithm essentially repeats these two steps until the likelihood function is maximized. 6 See Banbura and Modugno (2010) for more details on the implementation of the EM algorithm, and Banbura, Giannone, and Reichlin (2011) for an application that employs a factor model with a block structure similar to that used in this paper.
IV. DATA
The source of all data is the World Economic Outlook (WEO) database, and our sample begins in 1990Q1 and ends in 2011Q4. GDP data for 185 countries are categorized into the following 7 regions: Year-over-year percentage changes are used to transform the series available at the quarterly frequency, while annual percentage changes are used to transform the series available at the annual frequency.
8 After transformation, many of the growth series for emerging and developing economies show some degree of non-stationarity over our sample period, reflecting, for example, structural changes, and different stages of development. Thus, we detrend growth using potential output growth and then standardize each series.
We use one of 3 methods to estimate the potential output, depending on whether or not potential output data exist in the WEO database. If potential output does not exist, we employ an HP filter capable of incorporating judgement, with the smoothing parameters set to standard values for the quarterly and annual series. The algorithm used to detrend each series is:
• If WEO estimates of potential output growth exist for the full sample, use them to detrend growth;
• If WEO estimates of potential output growth do not exist, use the HP filter to estimate potential output with the following judgements:
-fix the start point of potential growth match average GDP growth over the first 10 years of available data;
-fix the end point of potential growth to match GDP growth in the final year of the WEO projection horizon, 2015Q4 (if projections do not exist, use average GDP growth over the last 10 years of available data);
• If WEO estimates of potential output exist but the available sample size is smaller than that of GDP, use HP-augmented WEO estimates (i.e., fill in gaps in the WEO potential output data with HP-filtered estimates, using the same assumptions as above).
V. RESULTS, 1990-2011 A. Variance Decompositions
A useful way of examining the driving forces behind growth is to look at variance decompositions, which allow us to decompose the variance of growth into contributions from global, regional, and idiosyncratic shocks. Table 1 shows variance decompositions for the growth aggregates at various horizons, ranging from 1 to 20 quarters ahead, and unconditional variance decompositions. The unconditional variance decompositions for each individual country can be found in appendix I.
We find that idiosyncratic shocks tend to explain a large share of growth variation at shorter horizons, and global shocks become increasingly important at longer horizons. Global shocks explain a significant proportion of the unconditional variance of world growth (77 percent), growth in Advanced Europe (80 percent), and growth in the Western Hemisphere (66 percent). In contrast, regional and idiosyncratic shocks play a more important role in the Commonwealth of Independent States, Asia, Sub-Saharan Africa, and the Middle East and North Africa.
Overall, the results suggest that global shocks are more important for industrial economies than they are for emerging and developing economies, supporting the findings of Kose and others (2012) . Indeed, the median share of growth explained by global shocks is 64 percent across industrial economies and only 13 percent across emerging and developing and developing economies.
9 Put differently, this shows industrial economies tend to have greater importance in the global factor and that industrial economies share much greater linkages with each other than with emerging and developing economies. 
B. Historical Shock Decompositions
Annual growth in each region is decomposed into contributions from global, regional, and idiosyncratic shocks in figure 1. Historical shock decompositions for each country can be found in the appendix II (figures 5 to 19). The strong period of global growth just prior to the global financial crisis (2003 to 2007) was predominantly driven by global factors across most regions. While global shocks were important in boosting growth in Asia over this period, idiosyncratic shocks also had a relatively important role to play in the region.
With the onset of the crisis in 2008, we see a sharp slowdown in growth across all regions, largely driven by global shocks. In contrast, the early part of the recovery seems only partly Middle East/North Africa % driven by global shocks with some diversity across countries, reflecting differences in contributions from regional and idiosyncratic shocks. The initial recovery in growth was relatively weak across the Commonwealth of Independent States, Sub-Saharan Africa, and the Middle East and North Africa.
The rising importance of idiosyncratic shocks across Emerging Europe, Asia, and the Western Hemisphere may partly reflect differing policy responses to the crisis. For example, China's policy response to the crisis was widely viewed as being particularly large, helping to boost domestic growth in China amid a massive deterioration in global trade. This is supported by historical shock decompositions for China (figure 9), where idiosyncratic shocks acted to boost growth through the crisis and the early part of the recovery.
Looking more closely at the impact of regional shocks, we see particularly large contributions in the earlier part of the sample across most regions. Moreover, many of the episodes with strong regional contributions to growth can be traced back to significant economic events for each region. Some examples of such events are: the significant slow down in growth in the early 1990s in Advanced Europe, with recessions in many key countries including Germany and the United Kingdom; the sharp reduction in growth in the Commonwealth of Independent States following the break up of the Soviet Union in 1991; the sharp reduction in growth in Asia following the Asian crisis in 1997; the significant slowdown and recovery in Sub-Saharan Africa in the mid 1990s, largely following the economic fortunes of South Africa and Kenya; the strong growth in the early 1990s in the Middle East and North Africa, with Iran rebuilding after the ending of the Iran-Iraq war and both Iran and Saudi Arabia boosting oil production after the Iraqi invasion of Kuwait in 1990.
VI. A RECURSIVE EXPERIMENT
The results discussed so far show a high degree of global growth synchronization over a sample spanning 1990Q1 to 2011Q4. In this section, we assess the forecasting performance of our model and evaluate how the importance of the various factors driving growth have changed over the past 6 years, covering a few years prior to the global financial crisis, the crisis itself, and the early phase of the recovery. In the experiment, we recursively estimate the model each quarter over an out-of-sample period spanning 2005Q4 to 2011Q4, producing 25 different estimates of the global, regional, and idiosyncratic factors, together with forecasts of growth. Each time the model is estimated, the start of the sample is fixed to 1990Q1: for example, the first sample in the out-of-sample period contains data ranging from 1990Q1 to 2005Q4 and the final sample contains data ranging from 1990Q1 to 2011Q4.
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A. Forecast Evaluation
As a robustness check on the time series properties of our model, we evaluate its forecasting performance by comparing Root Mean Squared Errors (RMSEs) for year-ahead growth to RMSEs from a simple autoregressive benchmark, an AR(1).
11 For the series observed at the annual frequency, the autoregressions are estimated using the recursively-computed quarterly growth estimates from the DFM, and the factor model forecasts are evaluated against quarterly growth estimated over the entire sample.
The results of the forecasting experiment are displayed in table 2. The second column shows the RMSEs of the aggregate groups relative to those of the benchmark model, where a number less than one indicates relatively good forecasting performance from the DFM; the final column of the table shows the share of countries in each aggregate for which the DFM produces better forecasting performance than the benchmark. The relative forecasting performance for each country can be found in the appendix I (the final column of the table).
While the out-of-sample period is rather short, the results at the aggregate level are striking. For all aggregate groups except the Middle East and North Africa, we find that the DFM produces lower RMSEs than the benchmark model. The results are slightly less emphatic at the country level, with the DFM outperforming the benchmark in only 60 percent of countries in our sample. However, the vast majority of countries where the DFM performs relatively poorly are emerging and developing economies, where idiosyncratic shocks tend to be relatively important. The model performs much better for larger and more advanced economies. For example, the DFM outperforms the benchmark for all but one of the 24 countries in the Advanced Europe region, and the larger economies in Sub-Saharan Africa (South Africa and Kenya). Indeed, the DFM outperforms the benchmark for all G-20 countries, with Indonesia, Turkey, and Saudi Arabia being the only exceptions. To evaluate how the contributors to growth have changed over the past 6 years, figure 2 displays (unconditional) variance decompositions for the aggregate series, computed at the end of each year from 2005 to 2011. The heat map in the bottom panel shows results for changes in the share of growth variance explained by global shocks for each country from 2005 to 2011. The changes are classified into four categories, based on the magnitude and sign of the change in question: less and more reflect changes in the share of variance explained that are less than -5 percent and more than 5 percent, respectively; slightly less and slightly more reflect changes that are between -5 percent and 0 and 5 percent and 0, respectively.
The top panel of figure 2 shows that the importance of global shocks has increased at the global level, while the importance of regional shocks has fallen. The rise in importance of global shocks is slightly larger than the fall in importance of regional shocks, leaving country-specific shocks slightly less important at the end of the sample than in 2005. Interestingly, the rising importance of global shocks is not only the result of the global financial crisis in 2008, with the share of variance explained by global shocks rising in each year prior to crisis. We also find that the degree of global synchronization peaks in 2009 and begins to edge down over 2010 and 2011.
Looking across regional aggregates, we find growing global synchronization across Advanced Europe, the Commonwealth of Independent States, Asia, and the Western Hemisphere. In contrast, the importance of global shocks remained at relatively low levels across Emerging Europe, Sub-Saharan Africa, and the Middle East and North Africa. However, within these regions, the degree of regional synchronization seems to have increased slightly, with a slight fall in the importance of country-specific shocks. The bottom panel of figure 2 shows that the increase in importance of global shocks was indeed widespread across countries over 2005 to 2011, with some countries in Africa and the Middle East, and India, being notable exceptions.
To better evaluate changes in growth synchronization, we look at changes in the importance of global shocks and total synchronization (the importance of both global and regional shocks) over three periods: pre-crisis ( In the pre-crisis period, we see that parts of South America, Europe, central Africa, and Mexico and Russia became more synchronized with the rest of the world, with a slight fall in synchronization across the United States and Canada and large parts of Asia. In Asia, Japan became more synchronized with the rest of the world, which helps to explain the rising importance of global shocks in the pre-crisis period for the Asia region as a whole (see figure  2) . Overall, we see the rising importance of global shocks at the aggregate level in the pre-crisis period was not due to increased globalization across all countries but more a shift in the importance of global shocks across countries.
Not surprisingly, the crisis period shows a widespread increase in the importance of global shocks. The effects of the global shocks were seen in the majority of countries, with notable exceptions being some emerging and developing countries in Africa and the Middle East, and India. In contrast, the post-crisis period showed a broad-based decline in the importance of global shocks, suggesting a diversity of experiences across countries in the early part of the recovery. This, too, is perhaps not surprising. The crisis had large effects across the most countries in the world, while experiences in the recovery likely depended on each country's economic conditions prior to the crisis, and differing fiscal and monetary policy responses to the crisis itself.
There is more diversity across regions with respect to the importance of synchronization more generally, after accounting for contributions from both global and regional shocks. By this measure, an increase/decrease in the importance of global and regional shocks necessarily implies a decrease/increase in the importance of idiosyncratic shocks. In the pre-crisis period, we find broadly similar results to the findings for global synchronization. Total synchronization increased in parts of South America (e.g., Brazil and Chile), Africa, the Middle East, and Europe. Interestingly, several advanced economies that experienced rapidly-increasing house prices in the pre-crisis period (the United States, United Kingdom, Spain, Australia, and New Zealand) became less synchronized (more idiosyncratic). Contrasting the results with our findings for global synchronization, we see some countries (notably, Canada, Saudi Arabia, and Indonesia) became slightly less synchronized globally, but this was more than offset by an increase in regional synchronization. Looking at the results for Advanced Europe, we also see that while France and Spain became more synchronized globally, and this was offset by a reduction their importance in the region.
Similar to the results for global synchronization, we find a widespread increase in total synchronization across countries in the crisis period. Notable differences between the results for global and total synchronization include a reduction in the importance of Russia in the Commonwealth of Independent States and Indonesia in Asia. Similarly, as with global synchronization, total synchronization fell in most countries in the post-crisis period. Some countries in Africa and Brazil became more synchronized after the crisis, despite becoming less synchronized globally, reflecting their rising importance in their respective regions.
Overall, the results show that, for many countries, not only did global growth synchronization fall in early part of the recovery but growth also became more idiosyncratic relative to the crisis period. The scale and breadth of the global financial crisis represented a truly global shock and highlighted the importance of cross-country linkages and globalization. The evidence presented here suggests that globalization forces were at work in the few years prior to the crisis.
VII. SUMMARY AND CONCLUSION
We examined global growth synchronization across a diverse group of 185 countries, and found a high degree of synchronization over the period from 1990 to 2011. Global shocks were found to explain a significant proportion of the variance of world growth (77 percent), growth in Advanced Europe (80 percent), and growth in the Western Hemisphere (66 percent). In contrast, regional and idiosyncratic shocks were found to play a more important role in the Commonwealth of Independent States, Asia, Sub-Saharan Africa, and the Middle East and North Africa. The results show a higher degree of synchronization across industrial economies than emerging and developing economies, thus supporting the findings of Kose and others (2012) . An analysis of historical shock decompositions confirmed that global financial crisis was predominantly driven by global shocks, and also highlighted some diversity in growth experiences in the early part of the recovery, with regional and idiosyncratic shocks playing an increasingly important role in some countries.
In a recursive experiment over 2005 to 2011, we found that our model produced good forecasting performance relative to a simple time series benchmark, and that the model tended to forecast better for larger and more advanced economies, where global shocks tend to be more important drivers of growth. The recursive experiment also showed the importance of global shocks rising across most countries in recent years. The global financial crisis does not appear to be the catalyst for this, with the importance of global shocks rising in the years just prior to the crisis. Moreover, we find that this was not due to increased synchronization across all countries but more of a shift in the importance of global shocks between countries. The results also showed that the crisis led to a widespread increase in global growth synchronization and a similarly pervasive fall in synchronization in the early part of the recovery. The growing diversity of experiences in the recovery likely reflects each country's economic conditions prior to the crisis, and differing fiscal and monetary policy responses to the crisis itself. 
